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Abstract

The paper aims to empirically investigate the impact of the different kinds of technological innovation on export
performance of Chinese manufacturing industries. To do this, we distinguish between different dimensions of
innovation activities including R&D intensity, innovation capability, invention intensity, skill intensity, foreign
technology and new product development, and examine their distinct impact on industrial export. The fixed-effect
and instrumental variable (IV) regression methods have been applied on a panel dataset of China’s two-digit
manufacturing industries over the 1998-2013 period. The results indicate that R&D intensity and innovation
capability are significant determinants of export performance in China while the effect that innovation capability
have made on export is greater than R&D intensity. In addition, invention intensity, skill intensity and foreign
technology have broadly accelerated the export performance of China’s manufacturing industries. However, skill
intensity and foreign technology have the relatively stronger effect on export among different kinds of innovation
indicators. Furthermore, Chinese exports have greatly benefitted from the activities which are linked to the new
product development. Our result reveal that China’s inclusion into WTO in 2002 has been a stimulating factor for
country’s trade liberalisation process. These results are robust to several tests and sensitivity checks, as well as
alternative measures on various channels of technological innovation. The evidence has significant policy lessons
for China and other emerging countries.
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1. Introduction
Exports is considered as a vital part of the most debated development plans in emerging economies. The wave of
globalisation since 1980s has appeared to reveal the fact that high technology manufactured products constitute
the fastest increasing share of world trade (Lall, 2003). The underlying theoretical framework on this perspective
is the remarkable success of Asian economies (First Japan, then NIEs, after that ASEAN-4 and recently China)
which, during the process of development, successfully shifted production processes from low-tech and primary
industries to manufacturing industries and their trade pattern transformed to the export of more technical and
quality products. The success story of these countries has motivated many researchers to conduct studies for
examining the drivers of their growth trajectories and for deriving the useful insights from this remarkable
experience. However, much less attention has been provided to investigate the role of innovation in astounding
export performance of these developing countries. Especially, how different kinds of innovation affect export
structure in emerging countries is yet a rarely explored area of research. This paper aims to examine the extent to
which different kinds of innovation have contributed to improve the performance of manufactured export in China.
Given ongoing state of the economy and the endeavour to transform the outward pattern of economic
development by integrating into technological upgrading efforts, mainly by focusing on the improvement of the
different kinds of innovation expertise, China provides an important case study. In fact, China has seen several
decades of spectacular growth. Since reforms and opening-up in 1978, numbers from the National Bureau of
Statistics of China (NBSC) reveal that its real GDP grew at an annual rate of nearly 10 percent and the share of
exports in GDP raised from almost nothing in 1970s to notably 37 percent in 2006. More impressive is the
development of its high technology share of manufactured exports which grew at an annual rate of 21.3 percent
over 1992-2015 period (NBSC). This magnificent experience has transformed its position from an isolated country
to the status of a largest economy only second to USA and world’s leading exporting country. More impressive is
the transformation of its exports structure from agriculture and apparel to electronics and complex machinery
(Amiti & Freund, 2010) and the endeavour to enhance indigenous innovative capacity and to create favourable
spillovers from diffusion of international technology (Brandt & Thun, 2010; Liu and Buck, 2007; Tang & Hussler,
2011). However, after decades of this impressive economic performance, Chinese economy is settling itself from
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high to moderate growth regime. This phenomenon has already increased the importance of innovation activities
in the country. In addition, upgrading to a more technical and productive industrial structure, which may provide
a cost advantage and returns to scale benefits, and expanding into new products by relying on technological
innovation is crucial for China at this stage.

Researchers and policy makers, in China and around the world, highlight the potential contribution of
technological innovation and creating broad based spillovers from foreign technology to restore the pace of
development and to ensure sustainable growth in the future. Theoretically, this phenomenon is related to the
importance of innovation and invention to increase the productivity and efficiency of production processes which,
in turn, encourage returns to scale, lower average costs and provide an industry competitive advantage in world
market based on lower cost and higher quality products (Zhu & Fu, 2013). Further useful insights about innovation-
export interplay provide that China need to shift its industrial structure from low-tech and skill-intensive industries
to that is dominated by technology-intensive industries.

A substantial part of theoretical and empirical research literature on the pattern of outward orientation of a
country is conclusive that shifting the structure of exports from less productive, primary and low-tech agriculture
sector to more productive manufacturing sector is necessary in order to lift a country from low-income group and
take it to join the club of middle-income countries (Hausmann et al., 2007; Sheridan, 2014), while the role of
different kinds of technological innovation is emphasized in the catching-up process for developing a competitive
outward pattern of economic development (Hidalgo, 2007; Hidalgo & Hausmann, 2009). As export
competitiveness is measured by the intensity of technology used in its manufacture, it is of crucial importance to
examine how different kinds of technological innovation are linked to accelerating the international
competitiveness of developing countries.

Standard classical and neo-classical models rely on the assumptions of constant returns to scale and perfect
competition, thereby explain innovation a little. New growth theory finds the opportunity to incorporate returns to
scale and the knowledge capital to explain the process of innovation as an endogenous factor of a production
process (Grossman & Helpman, 1994; Romer, 1990, 1994). Krugman (1979) explains that countries are
differentiated by their level of technology and whosoever is ahead specialize in technology intensive products.
Innovation make production process to exhibit higher productivity and increasing return to scale that, in turn, give
first mover advantage. The variation of countries in real per capita income can be explained by varieties of products
and quality of product (Funk & Ruhwedel, 2001; Grossman & Helpman, 1991; Hummels & Klenow, 2004). Export
upgrading in terms of variety of higher quality goods allow high income countries to increase their export volume
without lowering price (Funk & Ruhwedel, 2001; Hummels & Klenow, 2004). The process of innovation involves
enhancing the potential to produce new and a variety of products in such a way that, at the given input prices, these
products are lower in cost value and higher in quality than the already available product chain. Ample theoretical
and empirical research on the channels of technological upgrading consider the role of domestic innovation
activities, the rate of the diffusion of international technology and the quality of institutions as major determinant
of technological innovation in developing countries (Brandt & Thun, 2010; Fu & Gong, 2010; Furman et al., 2002;
Liu & Buck, 2007), while a threshold level of absorptive capacity is crucial to take the required spillovers from
imports and FDI (Fu, 2008; Liu & Buck, 2007). As the technological content embodied in exporting commodities
define the level of a country’s export competitiveness, the factors which drive technological innovation are
fundamental determinants of the level and extent of export upgrading.

Existing literature mainly focus on GDP per capita, human capital and Government policies to determine the
level of exports sophistication (Hausman et al., 2007; Rodrik, 2006; Schot, 2008; Wang & Wei, 2010) arguing that
what matters for efficient functioning of a country’s development process is the quality of products it exports,
while the monetary value of exports flow is a less impressive factor in this concern. Furthermore, new trade
theories which are associated with the endogenous growth theory emphasize the role of invention and innovation
and the subsequent importance of new product development suggest that expansion of a country’s productivity
frontier in terms of new products contribute to the export sophistication which, in turn, lead to sustained growth
in the long run (Amiti & Freund, 2010; Hausmann et al., 2007 Hummels & Klenow, 2005). But these studies
undermine the role of knowledge capital in determining the level of export upgrading in an industry. In their recent
study on a panel of low, middle- and high-income countries over 1992-2006 period, Zhu and Fu (2013) emphasize
the role of knowledge capital as major driver of export upgrading examining that knowledge generating factors as
measured by education, R&D intensity, FDI, imports and institutional quality are crucial determinants of export
upgrading in developing countries.

The paper investigates the role of different kinds of technological innovation including R&D intensity, patents,
invention intensity, human capital and new product development. Existing literature normally focus on the
importance of these channels to determine the level and structure of technological upgrading in developed vs
developing countries (Fu & Gong, 2010; Liu & Buck, 2007; Sun & Du, 2010) while much less attention has been
paid to investigate their impact on export performance in emerging countries. This paper intends to investigate the
impact of innovation on export by distinguishing between different kinds of technological innovation using a
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unique panel dataset of Chinese manufacturing industries. These industries constitute major part of innovative
activates and contribute to a broader perspective of industrial activities than Chinese high-tech industries. Further,
we take into account the recommendations of self-selection hypothesis and learning by exporting that there may
exist reverse causality in the relationship among innovation and export which may lead to significant endogeneity
bias and renders traditional fixed and random effect estimations inconsistent. We deal with the problem of
endogeneity by using Instrumental Variable (IV) methods. For robustness, we use separate specifications of the
regression equation by excluding and including foreign technology variable which show high correlation with
other variables in the equation.

The paper addresses the above-mentioned debate by using unique industry-level data on China’s
manufacturing industries to investigate empirically the impact of different kinds of technological innovation on
export performance in China over 1998-2013 period. We test the strength of our analysis by distinguishing between
different measures on the different dimensions of technological innovation. Therefore, the novel contribution of
this paper is evaluating the success of China’s ongoing technology upgrading efforts, to become an innovation-
driven country by 2020s, through shifting the focus to more technical industrial structure and the transformation
of its outward pattern of economic development.

Empirical results of the paper show R&D intensity, which has often been used as a measure of innovation
input, and innovation capability are significant determinants of export performance in China while our findings
show that the effect that innovation capability have made on export is greater than R&D intensity. In addition,
invention intensity, skill intensity and foreign technology have broadly accelerated the export performance of
China’s manufacturing industries. However, skill intensity and foreign technology have the relatively stronger
effect on export among indicators on different kinds of innovation. Furthermore, Chinese exports have greatly
benefitted from the activities which are linked to the new product development. Our result reveal that China’s
inclusion into WTO in 2002 has been a stimulating factor for country’s trade liberalisation process.

The reminder of this paper is organised as follows. The next section discusses the analytical framework for
this empirical study which includes variables, data and methodology. Section 3 presents the empirical results and
discussions. In the last, section 4 conclude the analysis and provide policy implications.

2. Methodology, Variables and Data
Following the preceding discussion, export performance of an industry is considered as a function of various
factors distinguishing between different kinds of an industry’s innovative capability including: R&D intensity,
innovation capability, invention intensity, skill intensity, foreign technology, new product development and other.
Our estimable equation takes the following form.
EXPUP,= p,+ B,R& D _int, + p,Patent _emp, + B,Invention _int,

+ B,Skill _int, + f;For —tech, + p,NPD, + ., WTO, + p:I,

+ By (K /L), +v,+v, +e, )

Where subscript i denotes industry, t denotes time, u; represents industry specific fixed effect, vi denotes time-
specific fixed effect and &; is random error term which is uncorrelated with any of the industry-specific or time
specific effects and the independent variables. EXP is the dependent variable of export performance. R&D int
represents R&D intensity, Patent emp denotes innovation capability, Invention_int reads invention intensity,
Skill_int represents the skill intensity of an industry, For-tech measures foreign technology, NPD denotes new
product development, WTO measure the effect of China’s inclusion into world trade and on its industrial export,
K/L show factor endowment and I represents institutional effectiveness. All variables appear in natural log form
in regression models.

The paper is drawn on two-digits sub-sector level industries of China’s manufacturing sector which are
designated in compliance with the National Bureau of Statistics’ industrial classification system. Data on
comprehensive measures of the different kinds of technological innovation, over 1998-2013 period is taken from
different database including UN Comtrade database, Ministry of Science and Technology (MST) of China and
from various issues of China Statistical yearbook (CSY) as compiled by China National Bureau of Statistics.

2.1 Dependent variable.

The present study is concerned with the dynamics of factor intensity of a production process and the resulting
pattern of trade at the enterprise-level. Thus, we rely on the value of manufactured exports per employee as our
dependent variable of export performance. This measure is appropriate for analysing export performance of sub-
sector level industries of a broader sector such as manufacturing. A notable complication arises while constructing
this measure as China’s industrial classification system is different than other commonly used industrial
classification such as International Standard Industrial Classification (ISIC), hence industrial trade statistics are
not reported for China’s two-digit manufacturing industries in the designated data arrangements. Fortunately,
Sheng Bin (2002) provides correspondence between System International Trade Classification (SITC) three digits
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level to China’s Industrial Classification of the National Economy (ICNE) two digits sub-sector level industries.
We follow this correspondence to convert SITC three-digit export statistics, which is collected from United nations
Comtrade database, into ICNE two-digit industries and obtains export statistics for our dependent variable.

2.2 Independent variables

Independent variables used in the paper are summarised below. These variables are included to capture the effect
of different kinds of technological innovation on export. In addition, these measures comprehensively ascertain
distinct features of an industry’s innovation structure and help increase our understanding of the relationship
between technological innovation and export. Mainly we have captured the effect of the different kinds of
innovation by distinguishing between the following six different variables: R&D intensity, Patents, Invention
intensity, Skill intensity, Foreign technology and New product development.

The knowledge about the input of an innovation process is important to evaluate the direct cost of innovation.
Thus, an efficient selection of the level of innovation input may increase the likelihood of a well-directed
innovation output. We include the variable of innovation input into our analysis to capture this phenomenon.
Innovation input is captured by the R&D intensity (R&D int) variable which is measured by the ratio of the value
of intramural R&D expenditure to overall employees of an industry. Spending on research and development is
crucial for enhancing science and technological development processes and the innovative activities in an industry.

Output of an innovation process is a significant determinant of a firm’s innovation excellence. A substantially
innovative firm produces more innovations than the ordinary and less-productive firms. We include the patents
count variable (Patent_emp) to incorporate the effect of innovation output into our analysis. Patent_emp variable
is measured by number of patent applications accepted per employee of domestic enterprises in an industry. Patents
are output of innovation process and reflects the score of a firm’s innovative capability. Higher the number of
patents owned by a firm, higher the credibility of its innovative expertise and higher the possibility of exporting
high-technology embedded export bundles (Rodil et al., 2016; Zhu & Fu, 2013).

Besides measuring the number of overall patents, we have also included the number of invention patents to
specifically determine the effect of invention intensity on export performance of enterprises. This effect is captured
by the invention intensity variable (Invention_int). The Invention_int variable is measured by number of invention
patent application accepted of domestic enterprises in an industry. Patents are mainly recorded in three categories:
invention, utility model and external design. However, invention patents reflect a firm’s innovation intensity to a
larger extent. This variable gives us two advantages: First, invention patents are more an interpretative of an
industry’s potential of producing new products unlike utility models which are related to the shape and structure
of the product and external design patents which indicate designs about shape, colour or pattern of a product (Fu,
2008); Second, invention patents describe the threshold level for comparing innovation expertise and help
minimize the discrepancy among patents filed by domestic and foreign firms, as domestic firms may file
application for utility model or external design patents, which are incomparable to foreign firm’s invention patents
(Sun & Du, 2010).

Table 1. Description of variables

Variables Sub Measurements Expg cted
Sign
Dependent Variable
Export performance EXP Value of manufactured exports per employee in an industry
Independent
Variables
New Product Lag of the ratio of expenditures on the development of new
NPD . +
Development products to gross output value of an industry
R&D_Intensity R&D Int. Ratio of R&D expenditure to total employees in an industry +
Overall Patent Patent em Number of overall patent applications accepted per employee "
Applications p in an industry
Invention Intensity Invention Number of invention patent applications accepted per n
int employee in an industry

Foreign Technology  For tech  Value of foreign fixed assets in an industry +
Skill Intensity o Number of scientists and engineers as a ratio of overall

Skill int. . . +

- employees in an industry
Factor endowment K/L Ratio of the value of investment in fixed assets to overall n
employment in an industry
WTO WTO A dummy variable measuring the effect of China’s inclusion "
into WTO, 1 for 2001-04

Institutions I Number of private enterprises in an industry +

Note: All variables appear in natural log. form in the regression equation.
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Similarly, the new product development variable (NPD) measure the tendency of allocating resources for the
development of new products. The activity is of critical importance for ascertaining a firm’s scope of expanding
into the production of newly invented products. One advantage of this channel for technological innovation is that
it is straight forward and simply aims at new product development. The NPD variable is measured by the value of
expenditures on the development of new products in an industry.

In addition, foreign technology spillovers are considered as significant source of technology upgrading in
latecomers (Lall, 2003). In this regard, FDI and certain activities of MNEs are of critical importance. FDI my cause
the transfer of technology to domestic market as the domestic enterprises interact with foreign enterprises. FDI
affect the level of innovation capability in the host country through R&D related activities of MNEs and their
sharing of managerial skills, knowledge spillovers, movement of trained labour and demonstration effect. It also
provides spillovers by increasing competition in the domestic market, by coordinating with local firms through
forward and backwards linkages within supply chain etc. We proxied the For-tech variable by measuring the value
of fixed assets of foreign enterprises in an industry. We prefer using values of For-tech over intensity measures
(FDI divided by gross output value or revenue of an industry) to refer whether any significant effect is caused by
foreign phenomenon rather than change in the denominator (Hagedoorn & Wang, 2012; Rothaermel & Hess, 2004).

The Skill int. variable measures the technological expertise of personnel engaged in innovation activities.
Skill and capacity of an economy is crucial to reap the advantage of domestic and foreign knowledge creating
resources (Zhu & Fu, 2013). In addition, it is the ability to internalise the external technology and modify it to fit
industry specific features (Narula, 2002). Skill intensity performs two related functions: First, it represents the skill
and expertise of technical personnel to imitate, assimilate and learn from foreign technology; second, it defines
the absolute technological level of an industry and the technological gap between two representative industries. In
other words, it determines the rate of foreign technology transfer. The Skill int. variable is proxied by the share
of scientific and technological development staff to overall employees in an industry.

2.3 Control variables

For robustness, we have also included several control variables into our empirical framework as represented by
the variables on China’s inclusion in WTO (WTO), factor endowment (K/L) and institutions (I). China’s inclusion
in WTO is another milestone in trade history as it changed the structure of China’s integration into world trade
and has pushed the capability of domestic firms (Brandt & Thun, 2010). The integration is expected to have
positive impact on China’s export sophistication. We introduce a dummy variable “WTO’ to capture this effect. It
takes value of 1 for the years 2001-2004. Although the year of inclusion is 2002, we also give same weight to the
preparatory year i.e., 2001 and the following two years i.e., 2003, 2004.

Table 2. Summary statistics of variables

Variables Obs. Mean St. Dev Min Max
Dependent Variable

EXP 256 9.4307 1.0810 6.4547 12.4206
Independent Variables

K/L 256 8.4287 1.4922 4.6935 10.5074
R&D_Int. 256 5.8394 1.3779 2.3084 7.7478
Patent_emp 256 -6.4718 1.2787 -11.5870 -4.1416
Invention_int 256 -7.7042 1.3618 -12.2801 -5.0649
NPD 240 -4.7228 0.7374 -7.4631 -3.5278
For-tech 256 23.7975 1.1739 21.4293 26.6012
WTO 256 0.2500 0.4339 0 1
Skill_Int. 256 -3.4678 0.6818 -5.6836 -0.6123
I 256 7.6868 1.3466 4.2341 10.1805

All variables are in natural log form. Variables names are written as they appear in the main regression equation.

Institutional quality (I) is critical to determine the interaction between indigenous and foreign innovation
efforts and prevalence of a specific export regime. State institutions play a significant role in this respect by
providing preferential treatments to specific industrial exporting activities. The economic rise of Asian countries
is associated with the policy perspective on the part of state institutions (Pack & Westphal, 1986). Strong
institutional expertise brings confidence in the private sector and eliminates uncertainty. Strong laws on intellectual
property rights avoid misuse of intellectuals’ property which leads to encouraging innovation and varieties of new
products that, in turn, contribute to export upgrading. The Institutional (I) variable is proxied by the number of
private enterprises in an industry. Other variable is physical capital stock to labour ratio (K/L). Physical capital
stock is proxied by the value of investment in fixed assets in an industry. All variables appear in the natural log in
regression models.

All variables are presented in real US dollars with 2000 as the base year. Table 1 provides description of all
variables presented in this paper. Further, we include year dummies to control for time-specific effects and
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contemporaneous correlation (Roodman, 2006). Our sub-sector level sample includes both industry and
commodity-group specific source of heterogeneity. We rely on fixed-effect model to control for possible
unobservable characteristics of our dataset. This decision is based on the Hausman test statistics which fails to
accept the null hypothesis of a Random-effect (RE) estimation. In addition, we control for price fluctuation trends
in the international commodity market by including time trend, named as ‘TREND”’, in the final equation. Robust
standard errors are calculated in order to obtain heteroskedasticity-controlled concise estimates.

A main concern of researchers while analysing the relationship among trade and different kinds of knowledge
creating resources including innovation is the prevalence of endogeneity between the dependent variable and some
of the independent variables. Ample studies examine significant endogeneity bias in the relationship among For-
tech and export. We deal with this endogeneity problem by applying instrumental variable (IV) method using two-
years lag value of For-tech as instrument. Another issue to be addressed is the possibility of high correlation
between For-tech, R&D Int, Patent emp, and I on one hand and Patent emp and Invention_int on the other hand,
which may lead to multicollinearity problem. We also deal with this problem and ran various separate regressions
by excluding and including these variables from regression equation. Table 2 provide summary statistics of the
variables used.

3. Results and Discussions

We begin with estimating equation (1) using fixed-effect method. Results are summarised in Table 3. Columns 1-
8 include results of Different models as estimated by including and excluding variables to perform numerous
sensitivity checks. In general, regression results are plausible and observe good explanatory power. The estimated
coefficients of R&D intensity variable are positive and statistically significant. Results are robust across different
models, suggesting that spending on R&D is a crucial determinant of industrial export performance in China. Our
estimates are consistent with the recent studies which find a favourable impact of R&D activities on export (Zhu
and Fu 2013). The finding conforms ample scope for significant rise in China’s R&D spending to GDP ratio in
recent years to achieve a notable self-reliant innovative capability and to become innovation driven country by
2020s.

Table 3. Panel Fixed-effect Regression Estimates

EXP Modell Model2 Model3 Model4 Model5 Model6 Model7 Model 8
Constant -5.191 -4.779 -3.691 -4.691 -1.077 -1.356 9.208*** 4980
(5.766) (7.158) (5.808) (5.660) (6.149) (6.160) (1.491) (5.152)
R&D _Int. 0.143%** 0.136%** (0, 147%**
(0.040) (0.029) (0.025)
Patent_emp 0.199%* 0.289%** 0.259%*
(0.111) (0.099) (0.126)
Invention_int 0.178**  0.072 0.119*
(0.075) (0.056) (0.058)
Skill int. 0.337** 0.313**  0.326%*  0.281**  0.342**  0.173 0.299*
(0.138) (0.1406) (0.152) (0.118) (0.155) (0.126) (0.160)
FDI 0.664**  (0.599* 0.568**  (0.583**  (.538* 0.512* 0.578**
(0.234) (0.320) (0.246) (0.244) (0.254) (0.265) (0.228)
NPD. 0.133 0.146 0.120 0.167 0.228%*  (0.263%**
(0.094) (0.094) (0.103) (0.105) (0.083) (0.087)
I 0.341%** (.399%**
(0.096) (0.084)
WTO 0.181%**
(0.075)
K/L 0.217***%  (0.275%**% (0.279%** (0.283*** (.300*** (.315%*%* (219*** (.127**
(0.047) (0.057) (0.058) (0.059) (0.052) (0.057) (0.065) (0.057)
TREND - - - - - - - -
0.163*** (0.123**  (0.146*** (0.136*** (.162*** (.133*** (. 105*** (.140***
(0.032) (0.051) (0.035) (0.033) (0.030) (0.039) (0.029) (0.032)
Hausman FE FE FE FE FE FE FE FE
R-Squared 0.755 0.668 0.718 0.715 0.720 0.693 0.715 0.735
Observations 256 256 240 240 240 240 240 240

* Significance levels of 10%.

** Significance levels of 15%.

*** Significance levels of 1%.

Note: Robust standard errors are provided in parenthesis.
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The estimates of innovation capability and invention intensity are positive and statistically significant,
suggesting that patents are significant driver of the export performance of manufacturing industries. Our results
also confirm the emerging importance of recent surge in patent applications by Chinese in home and abroad, in
China’s export competitiveness. The results are consistent to several changes in model specification. An important
point is discerned from Table-3. The impact of innovation capability on export is larger when innovation is proxied
by patent applications rather than R&D intensity, as in all cases of model specifications, coefficient magnitude of
patent applications is greater than that of R&D intensity. The finding suggests that certain arrangements which
increase the proportion of the conversion of absolute values of R&D spending into invention or patenting will
intensify the contribution of innovation to export. It implies that increasing the speed of such R&D activities that
lead to multiplying the number of patent applications can speed-up the expansion in technical content of export.
The estimated coefficients of new product intensity are also positive and statistically significant, and consistent to
different models. The result explains the promising role of spending on the development of new products on export
performance. Further, Table 3 shows that the coefficient magnitudes of new product intensity are greater when
they appear together with institutional quality variable. It shows that benefit of innovation through spending on
new product is larger when institutional effectiveness is pervasive. Similarly, estimates on FDI are positive and
significant, indicating a consistent and statistically significant impact of foreign investment on export in China.
The evidence is robust across different models. These findings confirm that China’s opening-up strategy has been
remarkable and still successfully contributing to export upgrading. Our results confirm the findings of Brandt and
Thun (2014) and Zhu and Fu (2013).

Table 4. Panel Instrumental Variable (IV) Regression Estimates

EXP Model 1 Model 2 Model3 Model4 Model5 Model 6 Model 7
Cons. -0.906 -2.378 -1.450 -5.904* -1.977 -3.703 -5.899**
(2.699) (2.878) (2.800) (3.013) (3.040) (2.838) (2.940)
R&D _Int. 0.269%**  (0.310%** 0.362%**
(0.074) (0.080) (0.075)
Patent_emp 0.260%*** 0.319%**
(0.054) (0.051)
Invention_int 0.084%* 0.160%**
(0.045) (0.044)
Skill Int. 0.214%**%  0.216%** (.]86*** 0.227%*%  (0.228%** (). 246%**
(0.064) (0.068) (0.067) (0.071) (0.068) (0.074)
NPD 0.240%** 0.278**%  (,520%** (0 356%** (.244%** 0.420%**
(0.102) (0.095) (0.100) (0.100) (0.103) (0.102)
FDI 0.485%**  (0.541***  (0.618*** (.648*** (0.614*** (.561***  (.688***
(0.128) (0.140) (0.129) (0.142) (0.139) (0.141) (0.140)
I 0.263* 0.188
(0.157) (0.155)
K/L 0.063 0.065 0.095* 0.141**  0.120**  0.063 0.121%*
(0.048) (0.051) (0.050) (0.056) (0.053) (0.051) (0.055)
Period-effect Yes Yes Yes Yes Yes Yes Yes
R-Squared 0.794 0.778 0.785 0.725 0.756 0.773 0.739
No. of Obs. 224 224 224 224 224 224 224

* Significance levels of 10%.

** Significance levels of 15%.

*** Significance levels of 1%.

Note: Standard errors are provided in parenthesis.

Similarly, we find a significant positive impact of skill intensity on export performance of China’s
manufacturing industries. The result is robust across different models. It corroborates the role of higher education
and the rising quality of China’s science and technology institutes, as well as the emerging focus on technological
research laboratories’.

Institutional quality variable shows a statistically significant positive effect on industrial export. The result is
consistent to different sensitivity checks by allowing changes in model specifications, suggesting that institutions
are critical to determine the sophistication level of export and the terms of a country’s exposure to world market.

The WTO variable is statistically significant and shows right sign across different models. It suggests that
China’s inclusion of WTO has expanded the scope of middle kingdom’s trade expertise. Estimated coefficient of

! The prestige of Chinese researchers and academicians are also recognised by world’s leading institutions and China is ranked second in the
USA among most-cited countries by papers in ESI in 2015 (NBS: 2015)
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capital-labour ratio is also significant and positive. The evidence is consistent across different models.

We deal with possible endogeneity bias in the relationship among FDI and export upgrading by applying (IV)
method and results are presented in Table 4. The coefficient estimates are broadly consistent with that of fixed-
effect method, suggesting robustness of the estimates and showing a little endogeneity bias in our estimates. For
instance, R&D intensity, innovation capability, invention intensity, new product development and skill intensity
variables have a statistically significant positive impact on export performance of China’s manufacturing industries.
The evidence is consistent across different models. Similarly, foreign technology variable has a significant positive
impact on export performance, suggesting that foreign technology transfer is a critical driver of export. Similarly,
institutional quality and capital labour ratio demonstrate the expected positive sign which is significant and
consistent across different models.

Our results so far have argued that R&D intensity, innovation capability, invention intensity, skill intensity,
foreign technology, new product development and institutions are main drivers that determine the competitiveness
of an industry’s export structure in emerging countries. It proposes that China should continue stimulating efforts
to promote domestically-driven innovative activities to develop a sound and determined national innovation
system, as well as, being a latecomer, it should keep on striving to create broad-based spillovers from foreign
technology. Further, findings of the paper extend the results of Fu and Gong (2011) to innovation-exporting
relationship indicating that a mix of both self-reliant and foreign innovation efforts are crucial for developing a
competitive export structure.

4. Conclusion

The relationship between technological innovation and export is important as it has been viewed as engine of long-
run economic growth. In fact, evidence of some developing countries has concluded that expanding into new
products and enhancing the technical content of export bundles instils true benefits from trade. However, an
empirical investigation of the drivers of this technological process have not yet attracted much attention. The paper
aims to fill the gap in existing literature by exploring the role of different kinds of innovation as potential
determinants of an astounding export performance in some of the developing countries. In this regard, we rely on
using a unique sub-sector level dataset on China’s manufacturing industries and comprehensively investigate the
integrated impact of the different kinds of technological innovation including R&D intensity, innovation capability,
invention intensity, skill intensity, foreign technology, new product development and the institutional quality on
China’s industrial export performance over 1998-2013 period. The results are summarised:

First, R&D intensity, innovation capability, invention intensity and the activities related to new product
development, positively influence export performance of China’s manufacturing industries. This finding validates
the scope of ongoing technology upgrading efforts which are specifically aimed at enhancing domestic innovative
capability to transform trade pattern into a sophisticated structure of exports. Similarly, foreign technology transfer
as proxied by FDI, examine a positive and significant impact on export implying that research and development
activities of MNEs and the acquisition of foreign technology are still a major determinant of export in China. A
notable aspect of this result reveal that a mix of domestic and foreign innovation efforts is of crucial importance
for China’s plan to achieve a threshold level of capability and shifting the focus to manufacturing industries.

Further, skill intensity has a significant positive impact on export, suggesting that China has maintained a
specific level of skilled resource, such as technicians and other technology development personnel, to reap the
advantage of both indigenous and foreign innovation channels. Furthermore, the effect of institutional quality is
positive and significant as expected which proves the active role of government in China’s remarkable export
performance in decades and its contribution to technological upgrading efforts in the pursuit of export upgrading
through transforming the industrial structure to CTIs. Moreover, our results of WTO variable demonstrate that
inclusion of China into WTO has benefited the country in its bid of trade expansion.
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